We present a systematic review of the extensive body of research on farmer risk preference measurement across Europe. We capture the methodological developments over time and discuss remaining challenges and potential areas for further research. Given the constantly evolving policy environment in Europe, and increasing climate-change related risks and uncertainties, there is large value to be gained from enhancing our understanding of this fundamental aspect of farmers' decisionmaking processes and consequent actions.
Introduction
In the agricultural sector, important societal and individual decisions are taken in the context of uncertainty and risk. In particular, uncertainty and risk stem from a multitude of factors such as hazards related to weather, pests and diseases, or changes in both market conditions and the policy context in which farmers operate and trade. Risk attitudes, risk perception and their interaction are fundamental determinants behind risk management and the use of specific risk management tools (Pennings and Garcia, 2004; Pennings and Wansink, 2004; Just and Just, 2016) . However, these concepts are unobservable and extremely difficult to measure (for example, as more recent examples, Gardebroek, 2006; Liu and Huang, 2013; Trujillo-Barrera et al., 2016) . Hence, the development of reliable methods to measure and understand farmers' risk attitude is of great importance for politicians, researchers and advisory offices 1 (Vollmer et al., 2017a) . Agricultural policy, economic research and applications that aim to make accurate predictions about farmers' decisions and their responses to policy changes need to take into account their risk preference and the heterogeneity in the level of their risk aversion. Furthermore, recent shifts in European agricultural policies, such as the Common Agricultural Policy (CAP) have emphasised the crucial role of risk management instruments (El Benni et al., 2016; Meuwissen et al., 2018) .
In this review, we focus on risk preference measurement methods. The different methods employed include, for example, econometric estimates based on secondary farm level data, techniques based on self-reports on multi-item scales and methods based on lottery-choice tasks. As a result, there is a large literature analysing risk preferences of European farmers with substantial heterogeneity in results across methods, space, time and farm types. We focus on this heterogeneity in the levels of risk preference rather than on the impact of risk on behaviour, e.g. on production, risk management or technology adoption decisions.
Our main contribution is to provide a state of the art review of the main methods used to measure farmers' risk attitudes, discuss remaining challenges and potential areas for further research. Notably, rapid developments in economics and psychology have resulted in substantial change in the diversity and depth of risk preference elicitation methods, for example, lottery-choice tasks to elicit and assess individual risk preferences.
We focus on European farmers, i.e. farmers who are subject to the Common Agricultural Policy (CAP), plus other states in the European continent with aligned goals of their agricultural, environmental and agricultural trade policies. 2 We justify the restriction to Europe on the grounds that a cross-continental comparison would introduce additional and potentially confounding variation in institutional frameworks and contextual and circumstantial conditions. In addition, rich European farm-level panel datasets, for example from the Farm Accountancy Data Network (FADN) are frequently used to measure risk preferences, and their use is likely to grow in the future. Our aim is to facilitate the use and collection of these data and assist with the comparability of related results.
Existing European studies differ by geographical area and/or geographical scale as well as by producer type and socio-economic or farm characteristics, e.g. specialisation in different crops (Groom et al., 2008) or organic producers compared to conventional farmers (Gardebroek, 2006; Serra et al., 2008) . There is very substantial heterogeneity in European agriculture within these and other dimensions (e.g. topography, ownership structure, size) which can potentially influence or correlate with risk preference.
Our review provides an overview of the findings in the literature on risk preferences of European farmers. Previous articles have also summarised farmer risk preferences (OECD, 2004 (OECD, , 2009 Gardebroek, 2006; Reynaud and Couture, 2012) . These authors find support for a general assumption of risk aversion on the basis of a majority criterion (i.e. a count of all the articles that report a similar risk preference of their sample). However, these reviews are now somewhat incomplete given the substantial 2 The non-European Union countries used in our analysis, i.e. where farmers risk preferences have been reported, include Norway (e.g. Kumbhakar and Tveter as, 2003) and pre-EU accession studies of selected countries (e.g. Groom et al., 2008 for Cyprus) . For the remainder of the article, we indicate this broader geographical area by 'European Agriculture' or 'Europe'. growth in risk preference methods and more recent estimates of European farmers' risk preferences.
Our comprehensive review of the literature produces a unique compilation of 51 articles focusing on the measurement of farmer risk preferences in Europe. We not only document the characteristics and findings of each article but also categorise the identified articles by the method used to measure risk preferences.
Sampling Procedure

Search strategy and inclusion criteria
In compiling our sample of articles we followed the 'Systematic reviews and meta-analyses guidelines' proposed by the Cochrane Collaboration (Higgins and Green, 2011) .
Our systematic review used specific search criteria employed over a large range of databases (see Table 1 ), focusing on reasonable combinations of the keywords listed in the first column of Table 1.   3 The primary list was screened on the titles and abstracts to exclude articles which did not meet our inclusion criteria. For instance, articles not related to the farming sector and/or focusing on other geographical areas were discarded. Then, a 'snowballing' procedure was employed (Longhi et al., 2005) , where the reference list of the shortlisted articles was scrutinised along with an examination of articles that cited the shortlisted articles.
The literature search included all relevant articles published in English up until 31 December 2017. Articles appearing as grey literature before this date but published by the final date of this review (November 2018), were also included as the most recent version. In cases where more than one version of an article is available (e.g. a working paper and a peer-reviewed published version) only the published article, or the most recent working paper was included.
Within our broad European geographical focus, our selected studies focus on single countries, regions, or are delimited to smaller geographical areas or look at specific production types such as grape production or hog farms.
The authors' purpose for eliciting farmer risk preferences was an important factor defining the filters used to build the database. Our focus is on literature measuring farmer risk preferences, so we exclude articles using specific assumptions about farmer's risk preferences as an explanatory variable for a particular hypothesis. Our initial screening generated a list of 51 articles to be read in more detail. Of these, 36 are peer-reviewed articles and 15 are in the grey literature representing either reports or unpublished working papers. 4 We further outline in online Appendix A3 the process that led to the final selection of articles using a 'preferred reporting items for systematic reviews and meta-analyses' (PRISMA) flow diagram (Moher et al., 2009) .
A minimum of two of all our co-authors read each article in the long list. Periodic and regular meetings of the five-person research group resolved disagreements 3 For instance, one example of a search strings used on Scopus was: TITLE-ABS-KEY('risk preferences' AND farmer AND measurement). The list with all combinations of keywords used to identify relevant literature is available in online Appendix A1. 4 Working papers are classified within grey literature if they have not been published within a time span of five years from their first appearance as working papers (Hirsch, 2018) .
Ó 2019 The Agricultural Economics Society regarding the inclusion of a specific article in our review, and clarified other issues such as the most appropriate way to summarise and/or interpret possibly ambiguous findings and methodological categorisations.
Organising the data
There is a great deal of variation in the methods which the 51 articles used to measure risk preferences, categorised in Figure 1 . We group the 51 articles in two main methodological groups: observed economic behaviour from secondary data; and elicited preferences from primary data, which are then further categorised as shown Figure 1 , to summarise relevant metrics for each article.
2.2.1. Observed economic behaviour from secondary data Econometric and Mathematical methods. These are used to measure risk preferences from secondary data. The main principle underlying these methods is to estimate risk preferences by comparing the observed behaviour of agricultural producers with respect to input and output choices to behaviour predicted by theoretical models incorporating risk and risk preferences. Econometric applications dominate this group, but recently there have been interesting developments aimed at estimating risk preferences through farm-level mathematical programming models (G omez-Lim on et al., Arata et al., 2017) . The seminal works within this group of articles are Antle (1983 Antle ( , 1987 , Bar-Shira et al. (1997) , Chavas and Holt (1996) , Heckelei and Wolff (2003) and Keeney and Raiffa (1976) .
Elicited preferences from primary data
Methods based on multi-item scales. These studies can be context free and/or context specific elicitation of risk preferences by means of answers to a series of multi-item and scale based questions. These methods cannot be linked to economic theory/a utility function and are often used in conjunction with experimental lottery based methods. We selected two articles seminal for the development of this methodological group: Dohmen et al., 2011 and Weber et al., 2002 .
Methods based on lottery-choice tasks. These methods can be hypothetical or incentive compatible elicitation mechanisms such as incentive compatible experimental lotteries that are generally executed as artefactual field experiments. We identified three seminal articles for this methodological group: Holt and Laury (2002) , Tanaka et al. (2010) and Pennings and Garcia (2001) . Holt and Laury (2002) , in particular, has become the most replicated method to elicit risk preferences in the field and laboratory across a number of disciplines, including agricultural economics.
While some information is relevant for all the selected articles (e.g. which European country is covered in the study or the sample size) other key metrics are essential only within one of the sub-groups shown in Figure 1 by the dashed boxes, but irrelevant or non-applicable in others. For example, whether a study is incentivised or not is a key feature for economic lottery-choice tasks but is a non-applicable metric for methods based on multi-item scales and studies retrieving risk preferences from secondary data of observed economic behaviour. Online Appendix A4 summarises the specific metrics that were extracted for our systematic review.
We also noted that most articles included in this review seek inspiration from a specific study that set a 'gold standard' for a given methodology. Together, the set of studies from which inspiration is drawn is presented in online Appendix A5.
Discussion
Tables 2-4 document key elements from articles included in our systematic review. Each table focuses on a specific method of analysis as outlined above. Detailed definition of the metrics used in the headings, as key elements to summarise the studies presented in Tables 2-4 , are presented in online Appendix A4. Figure 1 . Categorisation of methods to measure farmer risk preferences in Europe Notes: Numbers in brackets represent the total number of instances a method is used. Some articles rely on more than one method, hence more than one method can be counted within the same article. The key metrics presented in Tables 3 and 4 present several similarities on domains such as geographical focus (e.g. European region) and sample size, reflecting papers comparing different methods (e.g. Pennings and Garcia, 2001; Menapace et al., 2016) .
Observed economic behaviour from secondary data
Several papers (e.g. Flaten et al., 2005; Gardebroek, 2006; Groom et al., 2008) explore the extent of variation in risk preferences across producer types or production methods. The focus on a specific production group has been justified on multiple grounds. Some authors stress that conclusions on risk preference of one group of farmers (production type or method, e.g. cereal farmers, organic producers) cannot be extended to other producers (e.g. vegetable farmers, conventional farming). Others mention concerns of cross-sectional heterogeneity in risk preference as a reason to narrow the sample in their empirical analysis (Koundouri et al., 2009) . The literature also suggests that researchers and policy-makers should be cautious in drawing conclusions about the risk preference of farmers in a specific country from those elicited from convenience groups, such as students in the same country, or farmers in another country. Other authors specifically restrict their sample to particular farmer groups or types for different, usually policy-related, reasons.
We also observe an increase of the number of studies meeting our inclusion criteria (Figure 2 ), suggesting that a review of the methods and implications is worthwhile.
Looking at the evolution of methods through time, methods inferring risk preferences from econometric and mathematical methods dominated until the end of the first decade of the 2000s. In the last two decades, these estimation techniques have become more refined and robust, partly due to the availability of large panel datasets. Earlier studies relied on cross sectional farm-level data, recognised as a clear limitation in the empirical estimation of risk preferences (see e.g. Groom et al., 2008) . Hynes and Garvey (2009) discuss the advantages of panel data techniques over static frameworks which control better for unobserved heterogeneity or path dependency. However, a caveat that continues to be frequently mentioned in the literature is the need to control better for unobserved variation, for example in the policy and technology environments in which farmers operate, or due to individual characteristics such as gender and parental background (Eckel and Grossman, 2002; Dohmen et al., 2011; Kim and Lee, 2014) or environment characteristics (Saastamoinen, 2015) . Controlling for all (or at least a large range of) possible explanations for the observed behaviour remains to date particularly problematic when using secondary data. The researcher does not observe the range of attributes that she would observe in experimental data, and this shortcoming substantially increases the chance that the estimated risk aversion coefficients will be biased. Another criticism of these studies is that they mostly focus on production risk, while other potentially important drivers such as price uncertainty are usually not taken into account. Exceptions that take price uncertainty into account include Arata et al. (2017) , Gardebroek (2006) , Oude Lansink (1999), Sckokai and Moro (2006) , Serra et al. (2008) . Isik (2002) shows that results from studies that focus on the impacts of market-based policies on input use and output under either output price or production uncertainty may not hold if both these types of uncertainties are present, because they may have opposite impacts on input use (p. 558). In addition, new criticisms have emerged over econometric estimation of risk preferences. Just and Pope (2003) state that empirical research on agricultural risk can severely overestimate risk aversion if observed risk responses are attributed entirely to utility function curvature. Gardebroek (2006) recognises the importance of investigating risk perceptions as well as risk preferences as a topic for further research. Our review reveals that to date this latter topic remains under-investigated although the tiple estimates are given (range or distinct values) it is because different estimates were given in the particular study. Values are means unless otherwise specified. For more details, refer to online Appendix A4.
Ó 2019 The Agricultural Economics Society developments in other methodological approaches seem to help addressing this research question (see for example Pennings and Garcia, 2004; Pennings and Wansink, 2004; Just and Just, 2016) . Just and Just (2016) warn that empirical studies of risk behaviour must estimate both unobservable preferences and the unobservable mapping of available information into subjective probability beliefs Just, 2016, p. 1182) . Lence (2009) and Just and Just (2011) argue that separate identification of (production) risk and risk preferences from behavioural equations (i.e. first order conditions on input choices) estimated on observed data is impossible, hence restrictions have to be imposed either on the technology or on the form of the utility function for parameters to be identified. Since 2010, methods based on multi-item scales and methods based on lotterychoice tasks are increasingly employed to identify farmers' risk preference (Figure 2 ). This trend is partly driven by attempts to overcome the limitations of empirical studies from observed behavioural secondary data but even more so by rapid developments in experimental economics and psychology (e.g. see Menapace et al., 2013 Menapace et al., , 2016 Mata et al., 2018) .
When considering multi-item scales methods, the data presented in Table 3 reveal that while earlier studies mostly use domain specific (or contextualised) self-report questionnaires (DSSR), there has been a shift in the last five years towards a more frequent use of studies using domain independent questionnaires (DISR) to assess risk preferences. However, domain specific self-assessment questionnaires continue to be more often employed than the domain-independent methodological variant. This reflects the findings of previous research that individuals display different behaviour towards risk in different contexts such as financial, recreational, ethical or healthrelated decisions, indicating that risk preferences are context dependent, although conventional utility theory supposes that gains are independent of the circumstance of the gamble (Menapace et al., 2016, p. 116) . Overall, while multi-item scale methods offer good potential to elicit risk preferences at a low marginal cost, being quick to execute, straightforward and simple (Menapace et al., 2016) , they suffer from disadvantages. First, due to the typical lack of incentives, it has been questioned whether these methods elicit 'true' attitudes towards risk, since incentive compatibility is held to be essential for a true understanding of risk preferences (Charness et al., 2013) . As these authors also point out, there is a trade-off between the simplicity of the method and the possibility that responses are poorly thought through, and may well lead to inconsistency (Hardaker et al., 2005) . As Table 4 indicates, estimation of risk preferences using the certainty equivalence method by means of lotteries effectively ceased in 2004 (as the date of publication). Since the early 2000s the Holt and Laury lottery (Holt and Laury, 2002) , has been used with increasing frequency. In fact, the Holt and Laury lottery was the most frequent within this category in 2017, with five out of the six articles using this lottery type and only one based on Cumulative Prospect Theory. While lottery-choice tasks based on Cumulative Prospect Theory allow for an understanding of behaviour in the loss domain, this method suffers from the disadvantage of being rather complex, and some respondents possibly failing to understand the procedure or the probabilities involved (Charness et al., 2013) or being more prone to errors, because of the larger number of lottery-choices to respond to during one experimental session.
Lottery-choice tasks lend themselves to an adoption in a variety of contexts and allow for a less fragmented approach to the study of risk attitudes (Charness et al., 2013) , but these methods too, have their own challenges and limitations, generally acknowledged in the literature. For example, Menapace et al. (2016) have shown that while framing matters in eliciting farmers' preferences in hypothetical lottery-choice tasks, there is still a paucity of studies that employ lottery-choice tasks or artefactual field experiments in a manner that allows elicitation tasks to be contextualised and resemble real on-farm decision problems. A recent attempt to bridge this literature gap is Cerroni (2018) , who conducts an incentivised framed field experiment with Scottish farmers to elicit risk and ambiguity preferences.
Another challenge faced by studies conducted in Europe is that real-word farming decisions such as number of pesticide applications or crop insurance participation generally involve a gamble over substantial sums of money. Constraints in the budget available to the researchers usually allow a payout only to a randomly assigned portion of participants (e.g. Maart-Noelck and Musshoff, 2014), or consider small-stakes gambles (e.g. Andersen et al., 2008) , that may not capture the appropriate attitude towards risk of farmers in real-world settings involving more substantial stakes (see Menapace et al., 2016; Rabin, 2000, and Vollmer et al., 2017a for discussions on this aspect). Another problematic issue is that responses may cluster around a few options. For instance, Andersen et al. (2006) put forth evidence that experimental subjects display a slight tendency of anchoring and choose a switching point around the middle for risk elicitation tasks. Owing to the statistical inefficiencies of such a bias, running a pre-test and adjusting the multiple price list could help boost statistical efficiency. Csermely and Rabas (2016) employed a randomisation in the order in which risk elicitation tasks appear, as a way to address the anchoring problem. Implementing such measures is of even greater relevance within the study of agriculture which often faces the pre-existing constraint of limited farmer samples.
Despite the aforementioned challenges, while the use of lottery-choice tasks was limited in the 1990s, this method has witnessed the strongest growth rate across the three categories as seen in Figure 2 , becoming dominant in the most recent, 2010-2017 years. Additionally, it is important to note that a decision about using one particular method over another is not without trade-offs. For instance, multi-item scales are more intuitive but they cannot be linked to economic theory/a utility function. Hence, we cannot exclude the possibility that people perceive these scales in different ways, and the results may not be meaningfully compared across individuals. This lack of standardisation becomes a disadvantage of this method. Lottery choice tasks overcome this problem, due to their link to economic theory. However, it can be argued that non-contextualised lotteries lack the intuitive nature that multi-item scales possess.
Overall, the studies using secondary data estimate a broader range of risk preferences parameters. Since risk attitudes, perceptions and preferences cannot be directly observed, measuring them in a realistic and accurate manner is a difficult task (Pennings and Garcia, 2004) . Methods based on multi-item scales and articles estimating risk preference from secondary data, generally find a majority of their samples exhibiting risk preferences that range from highly risk averse to risk seeking. Results from the methods based on lottery-choice tasks range from highly risk averse to risk neutral.
Looking at the geographical coverage, although studies focusing on (regions of) Germany tend to be more recent, with the first peer-reviewed study we found published in 2013, this is the country that sees the highest number of academic explorations on eliciting farmer risk preferences. The countries that follow are France, The Netherlands, Italy and Norway. The paucity of studies looking at new Member States and Eastern European countries (see online Appendix A2), indicates an interesting avenue of further research, as these countries are generally characterised by different types of production, prices and policy risks.
In sum, our systematic review shows some methodological advances within each method group but also a shift across methods, for example towards a more prominent use of multi-item scales and incentive compatible elicitation techniques. Eliciting risk preferences in agriculture from primary data is becoming more popular with a substantial increase in the number of studies eliciting or estimating risk preferences, reflecting both an increase in the total population of empirical articles, and a growing recognition of the importance of understanding risk attitude in economics and policy analysis.
Conclusions
We analyse two decades of literature estimating farmer risk preferences in Europe, which resulted in a systematic review of 51 relevant studies.
Our review identifies key features of this literature, which include: capturing the heterogeneity in the contexts in which risk preferences are measured; summarising the key elements and methodological specifics of the selected articles; presenting and classifying their results.
We find a strong increase of studies eliciting risk preferences of European farmers over time: in the period 2010-2017, 37 studies were identified, compared to 2 in the period 1990-1999, and 20 in the period 2000-2009. Overall, the findings also point to the heterogeneity of methods, samples and results. This finding not only re-establishes the need to document the breadth of work in a review of this nature but also raises questions for the direction of future research in this domain.
While this review aims to contribute to the domain of risk preference measurement looking at the European agricultural context, there are certain limitations that require acknowledgement.
In general, our review suggests that it is reasonable to support the assumption that European farmers are risk averse, although risk aversion is necessarily a relative concept and measure, and likely to be context and circumstance specific. In particular, it seems at least possible that farmers, in choosing to be farmers in a particular sector, reveal differences in risk preferences compared to the population in general.
However, it is important to note that this claim is based on a counting principle and does not address the question of whether the average European farmer is risk averse based on a statistical analysis of the underlying estimates. A numerical metaanalysis of the existing estimates would strengthen or weaken this claim. Unfortunately, the comprehensive requirements for a meta-analysis are not fulfilled by the data that can currently be generated from the literature. A meta-analysis requires coefficients that are directly comparable to one another. While at initial glance it may seem that all the risk aversion coefficients (e.g. Arrow-Pratt coefficients) across studies satisfy this assumption, the challenge surfaces when the nature of the coefficient is considered. As noted in OECD (2004), comparisons of absolute risk aversion estimates are difficult because the risk aversion estimate is dependent on prices, quantities or income used in its calculation. As a large number of studies report constant absolute risk aversion (CARA) coefficients, this limits the sample of available estimates to constant relative risk aversion (CRRA) coefficients.
Another limitation of our study is that we rely on authors' self-proclaimed research design and results, which introduces a possible source of bias. In principle, systematic reviews should be backed up by correspondence with the authors and subsequent replication and/or reproduction of their results, which is often not feasible due to resource constraints. Duvendack and Palmer-Jones (2012) highlight the need for replication or reproduction, as even results from articles published in top rank peerreviewed journals may not be replicable. The increasing publication of entire datasets on risk elicitation tasks with farmers (e.g. Meraner and Finger, 2017b) will enable and improve quantitative meta-level conclusions on risk aversion and its determinants. This speaks to the larger need for increased transparency, data sharing and reproducibility of results. Lack of transparency thwarts attempts to conduct a meta-analysis of risk preferences or for researchers to replicate previous analysis.
Additionally, the influence of a number of external factors such as cultural background or location (Hsee and Weber, 1999) increases the challenge of aggregating farmers' preferences across a larger geographical region. This limitation can be also circumvented in a meta-regression analysis while the use of a systematic review restricts the ability to make an aggregate claim. Along these lines, a European-wide research project, e.g. under the umbrella of the European Commission, may be useful to derive consistent and comparable information on risk preferences of European farmers.
We do not address the question of whether farmers in other OECD countries (e.g. the US and Australia) or farmers in developing countries are method variant with respect to risk preference measurement. We cannot answer the question of whether two farmers from two different regions would have the same level of risk aversion but would respond differently to the risk attitude elicitation techniques. Furthermore farmers from different regions or with different organisational structures may face dissimilar economic constraints and conditions that might lead to differences in risk preferences, as well as a different choice of tools to manage risk. A related aspect that deserves further investigation is whether, and under what conditions, risk preferences of farmers in a given country can be approximated through those of convenience groups. For example, results in Maart-Noelck and Musshoff (2014) suggest, though not conclusively, that differences in the risk preferences across groups result from the particular participants' affiliation to different occupational groups rather than from their different nationalities. These questions are left for future research.
We hope that this review helps researchers to continue to improve and develop our understanding of risk preferences exhibited by farmers, and determining farmers' responses to evolving policy and market conditions.
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